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can be used at local markets. Cooking demonstrations were also offered to learn about the selection and preparation of seasonal produce. However, there is little published literature to document the direct relationship between shopping at FM and increased F&V consumption, although some evidence exists for effectiveness [14] [15] [16] . This is a cross-sectional analysis of baseline data from the Double-Up SNAP program (DUSP) study. DUSP is an ongoing intervention trial operating at multiple levels by the Community Food Bank of Southern Arizona (CFBSA) to improve access to and consumption of F&V in SNAP recipients in Pima County, a USDA strike Force zone. Baseline data were collected from July to September 2016. Participants were adults actively recruited at two locations accessible to low-income residents. Eligibility criteria for participation included being over 18 years of age, a Pima County resident, and one of the primary food shoppers in the household. Exclusion criteria were less than 18 years of age, and not a Pima County resident or SNAP participant.
Eight data collectors were trained on enrolling, consenting, and general questionnaire techniques. In-class practice, role-play, observation, and feedback of data collectors from the lead investigator (HA) were used. Informed consent was gathered from the participants. Following the interviews, data were checked for inconsistencies and other anomalies to improve data quality. Data collectors were provided with constructive feedback on completing the questionnaires during the data collection. All data collection questions and issues were handled on a weekly basis with HA. This study was approved by the Institutional Review Boards of University of Arizona. The study came under the "exempt" category of the regulations for research involving human subjects because it was conducted as part of an evaluation of a service project to improve the program.
Data collection Study design, target population and setting
All data were collected using a 32-questions pilot-tested survey addressing behaviors, barriers, and facilitators to F&V consumption and FM usage. It also included a series of demographic information, and questions about consumption and purchasing of F&V.
Survey Measures
Farmers' market use was assessed using one question: "How often do you usually shop at this market?" Farmers' market perceived access was measured by asking 2 questions: 1 "How long does it take you to get this market" (in minutes) and 2 "What kind of transportation do you usually use to get to this market. " Ten possible scenarios for enhancements to FM including convenient location, affordable price, variety of products, good service, convenient hours of operation, and acceptance of EBT cards were
Farmers' market perceived access and use
Race was assessed with one question: "What is your race?" and responses were selected from the following options: White, Black or African American, Asian, Native Hawaiian or other Pacific Islander, American Indian or Alaskan Native, or other. Other demographic data collected included gender (male, female, and other), age (18-29; 30-41 ; 42-53; 54-64; 66 and older), education (Bachelor; Associates, some college, High school or GED; and other), and primary language spoken (English, Spanish, and other).
Demographics and behavior
Previous studies have documented the characteristics of people who use farmers' markets, often finding that farmers' market customers tend to be of higher socioeconomic status when compared to the general population [17, 18] . However, less is known about specific socio-demographic characteristics of farmers' market customers who are SNAP recipients in Southern Arizona communities, and how to encourage lower-income residents to use farmers' markets. In prior work, SNAP sales account for less than 3% of the total farmers' market revenue, indicating that considerable barriers exist to these efforts. In addition, little is known about the facilitators to farmers' market shopping. Thus, more information is needed about potential customers and their interaction with farmers' markets. Therefore, the aims of this study were to (1) describe socio-demographic characteristics and frequency of F&V consumption of participants; (2) examine barriers and facilitators to farmers' market shopping and F&V consumption in low-income communities; and (3) examine associations between farmers' market use, with the outcomes of F&V consumption.
Materials and Methods
To accomplish this study, all farmers' market (FM) customers using EBT cards were surveyed along with a random sample of primary household (non-FM) food shoppers. For the FM customers, interviewers were stationed at an information table, approaching all eligible shoppers over the age of 18 years who had made market purchases that day, potential participants in the markets, asking about their interest in participating, and offering a $5 gift token as incentive for completion. As for the random SNAP participants (non-FM) recruited in the waiting room of CFBSA main warehouse, interviewers approached every third person checking in at the CFBSA front desk, explained the purpose of the survey, and then asked individuals whether they would like to participate. If potential participants were interested, the survey instrument was administered. Due to the logistical challenges of conducting surveys in public places and the varying degrees of customer traffic, we did not gather information on the number of persons invited to participate and those who agreed or did not agree to participate. Thus, no response rate is reported.
F&V intake information was collected using the risk factor surveillance system (BRFSS) which included only frequencies of fruit or vegetable and not portion size [8] . Respondents were asked how many times per day, week or month they consumed 100% pure fruit juices, fresh, frozen or canned fruits, cooked or canned beans, dark green vegetables, orange-colored vegetables, and other vegetables over the previous month. Reported daily frequencies of each fruit or vegetable were calculated by dividing weekly frequencies by seven and monthly frequencies by 30. Then, a composite daily frequency of fruit was calculated based on the sum of the 2 items while the composite daily frequency of vegetables from the 4 types of vegetables.
Fruit and vegetable consumption
provided to farmers' market customers only regarding factors related to shopping at FM. Potential barriers to F&V purchasing were also assessed among all respondents and included price, lack of available healthy options, knowing about what foods are healthy, preparations and conservations, taste preference, transportation, hours open, and lack of nearby options.
In total, 56 FM customers and 107 non-FM food shoppers were surveyed, and the comparisons of demographic characteristics between both groups showed that FM customers had higher education (college graduate, 37.5% vs.16.8%) and tended to be younger (18-41years, 39.3% vs. 19.6%) compared to non-FM food shoppers, but were mostly over 42 years old. Compared with non-FM respondents, FM customers were also more likely to be white (66.1% vs. 43%), women (73.3% vs. 72%), while reporting English as their primary language (91.1% vs. 73.8%) ( Table 1) .
Socio-demographic characteristics of participants
All analyses were completed using STATA version 14. Differences between socio-demographic and frequency of fruit and vegetable consumption were examined between farmers' market customers and the random primary food shoppers. Chi-square tests were used to examine differences between subgroups percentage and Median test for F&V consumption (Aim 1). Frequencies and medians were also calculated to describe FM customers shopping practices and barriers to buying fruits and vegetables (Aim 2). A current farmers' market user was defined as anyone who reported using a farmers' market at least 2-3 times a month. Associations between the independent variable of farmers' market use and dependent variables of fruit and vegetable consumption were examined in separate linear regression models (Aim 3). All analyses were adjusted for age, gender, race, and education level. Statistical significance was set at P<0.05. FM customers consumed more fruits (100% pure fruits juices and fresh, frozen, or canned fruits) compared to non-FM food shoppers, although the difference was not significant (Table 3) . Similarly, FM participants consumed more vegetables (dark green vegetables, orange-colored vegetables, and other vegetables), except for cooked or canned beans that were significantly consumed by non-FM participants (P=0.03). Consequently, daily consumption of fruits (1.0 vs. 0.7) and vegetables (2.4 vs. 1.9) were higher among FM customers compared to non-FM food shoppers. Additionally, fewer FM customers consumed fruits and vegetables less than one time per day compared with non-FM food shoppers (Figure 1 ). When asked for barriers to fruit and vegetable consumption, the top three reasons reported by FM customers were price, lack of nearby options, and lack of available healthy options while non-FM food shoppers mentioned price, followed by lack of nearby options, transportation, and lack of available healthy options (Figure 2 ).
Statistical analysis

Results
Consumption of fruits and vegetables
Overall, 44.6% reported shopping at a farmers' market at least once a week in the past year (Table 2) . About 45% of participants reported living less than a 10-minute car drive from the closest farmers' market but 73.2% of them used a vehicle to access the closest farmers' market. When asked the likelihood of shopping at FM and awareness of farmers' market promotions, one-third of FM respondents indicated the variety of products, better and fresher produce, and convenient location while only 23.2% were aware of county-wide efforts to enhance or promote farmers' markets. In adjusted models with fruit and vegetable consumption as the dependent variable (Table 4) , consumption was positively associated with use of farmers' markets (fruits: estimate = 0.36, standard error = 0.17, p = 0.038; vegetables: estimate = 0.82, standard error = 0.35, p = 0.021). This means those who visited a farmers' market at least 2-3 times a month consumed on average 0.4 times of fruit and 0.8 times of vegetable daily more than those who visited a farmers' market at most once a year. [19, 20] . Onianwa., et al. even found that white individuals were 1.8 times more likely to shop at a FM; but these results were not statistically significant [21] . However, Alkon's studies of two demographically and geographically diverse FM from two different neighborhoods found that most customers at one FM were white, whereas the majority at the other FM were black [22, 23] . This suggests that the FM use is related to location of individual markets and cultural acceptability of FM in different racial/ethnic groups. As for our results about gender, similar findings were observed in the United States where at least 64% and up to 77% of survey respondents reported being female [20, [24] [25] [26] . Bellows., et al. explained these findings about gender by the fact that a majority of females were responsible for cooking and food shopping [27] . Bond and colleagues suggested that females might be more apt to complete surveys while French., et al. indicated that the majority of males likely refer primary food shopping responsibilities to women [28, 29, 30] .
Shopping practices among FM customers
Associations between farmers' market use and fruit and vegetable consumption
Discussion
The results also highlight agreement related to facilitators and barriers to FM use. Indeed, among past studies that included lowincome populations, food quality and food variety were identified as being important factors for using FM [34] . However, similar to Jilcott., et al. in Pitt County (NC) where 17% of SNAP residents shopped at a FM, only 56 FM customers were interviewed in the present study, suggesting that more work is needed to encourage SNAP residents to shop at FM in this community [33] . Furthermore, the low percentage of participants reporting affordable price, preferred products, good service, and convenient hours of operation coupled with lack of awareness, may present barriers to use of FM. Although the community where our study was conducted is diverse with a strong Hispanic culture, only 22% of FM customers were Hispanic/Latino, suggesting that FM may not be adequately capturing the perspectives of specific subpopulations. Cultural barriers will therefore need to be bridged to attract the Latino consumers [19] . Finally, according to Alia., et al. key personal facilitators of FM use were the opportunity to access information and resources related to food preparation [35] . However, the cooking demonstration was not associated with support for FM in this study, suggesting efforts are needed to increase residents' awareness of activities at the FM.
Similar to the present study, several studies concluded that the average FM customer was over 40 years of age, although Velasquez et al. found an average customer age of 34 years [19] [20] [21] 25, 31] . It is possible that older community members use FM for social reasons in addition to health-consciousness, since Hunt's review found that increased age was significantly related to more frequent social interactions [32] . According to Bellows and colleagues, both male and female consumers over 42 years of age were more likely to support natural food attributes found at the FM [27] . Our study analysis also indicated that both FM attracted college graduate individuals. Other on-site surveys confirmed these findings, with 60% to 94% of respondents attaining at least some level of college education [20, 21, 26, 33] . However, Varner and Otto found no significant differences in sales at FM where educational attainment was lower than the surrounding US Census area [31] . Therefore, research is needed to better understand divergent findings about the education of farmers' market shoppers.
In the present study, FM customers had a low F&V intake, although their consumption was greater than non-FM food shoppers. Indeed, using the scoring procedure by Moore., et al. only 12.5% of all respondents met fruits intake recommendations, and 14% met vegetable recommendations [18] . These results reinforce the need to increase F&V consumption in low-income populations [1] [2] [3] . Moreover, similar to this study's findings, shopping at FM was positively associated with F&V consumption in North Carolina, DC and in Florida among WIC participants [13, [36] [37] [38] . Thus, increasing access to FM may be a particularly effective strategy to improve F&V consumption among low-income populations. However, consistent with national studies, prices, lack of nearby options, lack of available healthy options, and transportation were reported as the main barriers to F&V consumption in the present study [39, 40] . Therefore, substantial new efforts are needed to build consumer demand for F&V through competitive pricing, location, nutrition education, and promotion of FM.
One limitation of this study is that self-reports of intake were based on a limited set of questions and were prone to measurement error and recall bias. Another limitation is the small sample size of FM customers. Nonetheless, this study provides insight into important barriers and facilitators to using FM for low-income families receiving government assistance. However, these findings may have limited generalizability to other states or low-income individuals not receiving government assistance. Responses for the question regarding how often the respondents consumed fruits and vegetables locally grown from a farmers' market may also vary by the season in which the surveys were conducted, and may lead to an underestimation or an overestimation of the 12-month average. However, despite this limitation, the study used the validated Block Fruit and Vegetable Screener. Other strength of this study was the examination of low-income populations, including diverse, southwestern populations, which have not been studied in farmers' market research.
Conclusion
F&V consumption was positively associated with FM shopping, suggesting that FM may be a viable method to increase produce consumption in low-income populations. In particular, results point out that local farmers have successfully created a quality image of their products since this is one of the most important draw to consumers. Consequently, these high product standards must be diligently maintained. In addition to breaking down economic, service delivery, social and personal barriers to FM usage, there is a need to disseminate information promoting availability of FM and specific features of those markets such as incentive program and types of payment accepted.
The results from this study provide guidance for future research, policy, and practice to increase the use of FM as a strategy to promote healthy diet. They could aid in the development of a social marketing campaign to promote the purchase of F&V at local farmers' markets among low-income consumers. Emphasizing the benefits related to nutritional quality, and freshness of locally grown farmers' market produce may help messages resonate with consumers. This study's findings can also assist in planning and evaluating the USDA FINI Grant Project's farmers' market initiative, which has the goals of starting new farmers' markets and making enhancements to farmers' markets that could include increasing transportation to/from markets, and implementing SNAP EBT cards at markets. However, these enhancements must be coupled with increased market promotion activities. Finally, the knowledge gained from such an evaluation can also be shared with other FINI Grant-funded states.
